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‘FOREWORD

The Subcommlttee on Radlochemlstry is one of a number of
subcommlttees worklng under the Commlttee on Nuclear Sclence
wlthin the Natlonal Academy of Sclences - Natlonal Research
Councll. Its members represent government, industrial, and
university laboratorlies in the areas of nuclear chemistry and
analytical chemlstry.

The Subcommittee has concerned ltself wlth those areas of
nuclear sclence which Involve the chemlst, such as the collec-
tlon and dlstributlion of radiochemical procedures, the estab-
llishment of specilficatlons for radlochemlcally pure reagents,
avallabllity of cyclotron time for service lrradlations, the
place -of radiochemistry in the undergraduate college program,
etc.

This series of monographs has grown out of the need for
up-to~-date compllatlions of radiochemlical information and pro-
cedures. The Subcommlttee has endeavored to present a serles
which will be of maximum use to the working sclentist and
whilch contains the latest avallable informatlon. Each mono-
graph collects 1ln one volume the pertinent iInformation required
for radiochemlical work wlth an Individual element or a group of
closely related elements. )

An expert in the radlochemlstry of the particular element
has written the monograph, followlng a standard format developed
" by the Subcommittee. The Atomle Energy Commiselon has sponsored
the printing of the serles.

The Subcommlttee 1s confldent these publlications wlll be
useful not only to the radlochemlst but also to the research
worker 1n other flelds such as physlcs, blochemlstry or medlclne
who wlshes to use radlochemlcal technlques to solve a speclfilc
problem.

W. Wayne Melnke, Chalrman
Subcommittee on Radlochemistry
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INTRODUCTION

This volume which deals with the radlochemistry of tellurjum
18 one of a series of monographs on radlochemistry of the elements.
There 1s 1included a review of the nuclear and chemlcal features
of particular interést to the radlochemilst, a discussion of prob-
lems of dissolution of a sample.and counting technliques, and
finally, a collectlon of radiochemlcal procedures for the element
as found in the lilterature.

The serles of monographs will cover all elements for which
radlochemical procedures are pertlnent. Plans include revision
of the monograph periodically as new techniques and procedures
warrant. The reader 1ls therefore encouraged to call to the
attentlon of the author any published or unpublished materilial on
the radlochemistry of tellurium which mlght be 1ncluded 1n a
revised verslon of the monograph.
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The Radiochemistry of Tellurium

G. W. LEDDICOTTE )
' Oak Ridge National Laboratory*
Oak Ridge, Tennessee

I. GENERAL REFERENCES ON THE INORGANIC AND ANALYTICAL CHEMISTRY OF
TELLURIUM

1. Remy, H., Treetise on Inorganic Chemistry, Volume I, p. Thr-752,
Elsevier, Amsterdem (1956). '

2. Kleinberg, J., Argersinger, W. J., Jr., end Griswold, E., Inorgenic
- Chemistry; p. 434-455, Heath, Boston (1960).

3. Hillebrand, W. F., Iundell, G. E. F., Bright, H. A. and Hoffmen,
J. L., Applied Inorgenic Analysis, John Wiley and Scmns, New York,
1958.

k. Wilson, C. L. and Wilson, D. W., Comprehensive Analytical Chem-
istry, Elsevier, Amsterdam, 1959.

5. Sienko, M. J. and Plane, R. A., Chemistry, McGraw-Hill, New York,
1957. :

6. Charlot, G. and Bezier, D., Quentltative Inorganic Analysis,
John Wiley and Sons, New York, 1957.

T. Sidgwick, N. V., The Chemlcal Flements and Thelr Compounds,
Unlversity Press, Oxford, 1951.

II. RADIQACTIVE NUCLIDES OF TELLURIUM

The radioactive nuclides of tellurlum thet are of interest in the
rédiocheinistry of tellurium are given 1n Teble I. This table has been
comj;ii]_.ed'from information eppearing in reports by Strominger, et =a1., (1)

and by Hughes and Hs.:rvey.(a)

*
Operated for U. S. Atomic “nergy Commisslon by Union Carblde Corporation.



Table I. The radloactlve Nuclides of Tellurium

Radilo- Helf- Mode of © Energy of
nuclide life Decay  Redistion, Mev Produced by
e® .04 £C Sb-d-5n
e'? k54 EC y: 1.6 Sb-d-ln
eP® 154 4 IT y: 0.082, 0.213  Te-n-y, Sn-o~n, Sb-d-2m,
Sb-p-n
Telz]_' 17 d EC ¥: 0.506, 0.573 d TelElm, d 1121, Sb-d-2n,
Sb-p-n
123m :
Te 104 a IT y: 0.0885, 0.159 Te-n-y, Sb-d-2n
e’®™ 58 g 1T y: 0.110, 0.0353 Te-n-y, d So 2”
2™ 1154 1T 7: 0.0885 Te-n-y, Te-d-p, Ln-py
i Uranium fissiom, 4 Sb 7
pe 2T 9.3h g (only) ‘B": 0.7 Te-n-y, Te-d-p, Te-n-2n,
. I_n_fé Ura.niu.m fission,
. d Te 7
e 3354  IT  y: 0.106  Te-n-y, Te-d-p, Te-n-2n,
Te-y-n, Urenium fisslon
Te129 72 m B, 7 B : 1.8 Te-n-y, Te-d-p, Te-7-n,
. “y: 0.3, 0.8 Te-n-2n, Uranium fission,
Thorium fission, 4 Tel29m,
_ d spl2
131m : :
Te 30h . iT y: 0.177 Te-n-v, Te-d-E Uranium
: : flssion, d Sb i1
3l 2u8m g,y g: 2.0, 1.L Te-d-p, Te-n-z Uranium
' fission, d Te f*llm a spl3l
ret32 T77-Th B, ¥ B7: 0.22 Te-aizgg, Thorium fission,
7e133®  63m 1T y: 0.h Uranium fission, 4 sp133
met33 o B, 7 B : 2.4, 1.7 a Tet3:M
y: 0.6, 1.0
134 - .
Te by m B Thorium fission.

III. THE CHEMISTRY OF TELLURTUM AND ITS APPLICATION TO THE RADIOCHEMISTRY
OF THE TELIURTUM RADIONUCLIDES

. Ra.t'lj.ocheru:l.sl‘l:.r)_r is probvably best described a's' being en analysis tech-
nigue used primarily either (1) to essist in obtailning a pure radionuclide
in some form so that en absolute measurement of its radioactivity, radia-
tion energiles a:nd half-1ife can be made, or (2) to determine the amount
of a particular raedioelement in a radionuclide m.1_xturé , or (3) to complete '
a radioactivation a.na.lysis 'being used to determine the concentration of a

specific stable element in a particular sample meterial. In order to be



an aild in accomplishing any one of the ebove interests, rediochemistry
usually comsiders the 1solation of the desired radionuclide by either

carrier or carrier-free separatlion methods.

Generally, carrier methods are used most frequently in radiochemistry.
They involve the additlon of a small amount of inactive stable element to a
solution of the irradiated material to serve as a carrier of the radio-
nuclide of that eleﬁent through the seperation method. In carrier-free
separations, 1i.e., radiochemical techhiques used mostly for absolute radio-_
activity measurements, 1t lis required that_the radioelement be isolated in
a manner capablelof glving either_no-amount or e minimal amount of stable
element in the final form to be used in the radicactivity measurements.

In most Instances, analytical radiochemistry is dependent upon more
conventicnal ideas 1n analyticel chemistry lnvolving separations by such
methods as precipitation, solvent extraction, chromatography, volatilizap
tion, and/or electrolysis and_the subsequent'presentation of the 1isolated
rediocelement in a form suitable for a measurement of the ra&ioeleaent's
radioactivity. One major difference exists between carrier radiochemistry
and more conventional_techniques in that 1t is not always necessany to_re-
cover completely the added amount of carrier element, sirce a radiochemical
analysis 1s designed to assure that the atoms of a radioactive element |
achieve an isotopic state with the atoms of the inactive element and eny
loss of the radloactive species 1s proportional to the "loss__of cerrier
.during the separation process. I

Colorimetric, polarographic and similar analysis tecHniques are seldom
used in radiochemistry;because they do not separate the desired raaionuclide
from contaminants (either radicactive or stable) in the mixture being anal-
yzed. However, gome of the developments used in these analysis techniques.
may be useful 1n radiochemistry.

The information that follows generally deacribes the chemical behavior

of tellurium and its compounds. Many of these reactions have been used or



can be used in dcv_;lsing rad.'l.dchemica_.l analysls methods for the tellurium
raedionuclides. More detalled information on the inorganic and analyticel
chenistry of tellurium cen be obtained either from the references cited in

this section or from the general references glven in Section I of this

monograph.

4

A. The General Chemistry of Tellurium

Tellurium is less widely distributed than selenium; however, it is more
often segregeted in specific mineral deposits. Its chief minerals are hegeite,
Agz‘l'e,. alteite, PbTe, coloradoite, HgTe, and silver-gold feqmdes, such,
as sylvanite, Agmﬂ'eh.' Tellurium also iq found in its na.tj_.ve state and in -
comblnation wi'bh oxygen, e.g. tellurium ocher, Te02. It alad is found mixed
with sulfur and selenium. An important ore of tellurium is nagyagite, which

is .a.m:!.xture. of lead, gold.,coppér, silver, and a.ntimnny_ su:l.fiiiﬁ and tellurides.
Tellurium is most often recovered from the anode slimes of cg;pper re-

fining and f'rom the mineral, nagyagite. These materials are usually decom-

posed by boiling with a mixture of concentrated hyd;l-dchloric and nitric

acids. Followlng an evaporation to drynees, the residue is dissolved in

hydrochloric acid.. and the tellurium precipltated by means of sulfur dioxide.

If selenium apd tellurium are ‘combined in this mixture, they can be separated

by bolling the miicture with sulfiric acid. In this process, tellurium is

precipltated as TeO, and the selenlum, as selenite, ls transformed to sele-

2
nious acld which remains in solution.

1. Metallic Tellurium

Tellurium metal 1s iaomrphous with grey .crystaq.line' selenlum. It is
sllver white and has'e metallic luster. It 1s véry brittle and can be
powdered easily. .Whan tellurium 1s d.epoaited.from solu‘t;ion by the reduc-
tion of tellurous acid with sulfurous acid, it 1s obtained as a voluminous
brown powder, or "amorphous" tellurilum. '

Telluriym metal will burn vhen heated in air,and it w1ll combine.

energetically with the halogens and many metals. However, unllke selenium,



it w11l not combine directly with hydrogen. It will not dissolve in non-
oxidizing acids, but it is soluble in concentrated sulfuric acid, nitrie

acid and caustic alkalis.

2. The Compounds of Tellurium

Tellurium, like selenlum, can form compounds having oxidation states

of -2, +4, and +6. A +2 oxlde, TeO, exists and will form TeCl, in cold

2
hydrochloric acid, but when heated it decomposes into free tellurium and
a +4 complex chloride. -Latimer(3) reports. that the followlng exidetlon-

reduction potentials exist for tellurium:

a) In Acld Solution

0.72
H2Te_

-0.529 -1.02
Te TeO2 —_— H6Te06

b) In Base Solution

Te™" 1.1h Te 0.57 Teo3"

>-0.4

TeO),”

Tellurium (1i£e selenium and sulfur) reacts with other elements in a.
manner similar to oxygen. Héwever, it will not combiné directly with sele-
nium or sulfur but will form mixed crystals with them.  The oxides,'the '
chlofides and.the fluorides are the most stable compouﬁds of tellurium.

The acids and salts derived from the dloxides are also stable.

Tellurium (like selenium) is electronegatively bivelent towards hydro¥
gen and the metals. In its electropositive behavior, tellurium exhibits
a valence of +4 in 1ts compound férmation with most elements. An excep-
tipﬁ exlsts in its comblnation with fluorine; here a valence statelof +6
exists. In general, the compounds of tellurium are analogous to those of
sulfur and selenium; the principal difference 1s that they have a lower

sfability than the sulfur and selenium compounds.

The most importent compounds formed by selenium lnclude oxides,'o§1-

acids, oxyhalides, halide compounds,hydrogen compounds end alkyls. Teble

I lists the more important of these compounds and glves information about

thelr solubllities.



Compound :

Acids

Bromides

Chlorides

Table II. Selubility of Tellurium Compounds

Formule

HsTeO 6 )-|-H20

BgTeO,

(8,Te0, ),

TeBrh *HBr- ‘_5320

HETeO 3

TeBr2

TeBI‘h

'I‘eClE'

Water Solubllity

Solubility in
Other Solvents

Soluble in cold water

Soluble in cold and hot
water

511ghtly soluble in cold
water; soluble in hot
water.

Decomposes

Sllghtly soluble in cold
water; decomposes 1n hot

water

Decomposes

Decomposes

Decomposes

Decomposes -s1lightly

Soluble in alkalis and
dilute aclds; slightly
soluble in strong ecids,
insoluble 1n elcohol. .

Soluble in alkalis and
aclds; insoluble in
elcohol.,

Soluble 1n elcohol;
slightly soluble 1in KOCH.

Soluble in NaOH and acids;
slightly soluble in NHuOH;
insoluble in alcohol.

Decomposes in NaOH;
slightly soluble in min-
eral acidsand tartaric
acid.

Soluble -in NaOH; mineral
aclds and tartaeric acida._

Decomﬁoses-in NaOH; slightly
soluble in minerel acids
and tertaric acid.

Soluble in HC1l, benzene,
alcohol, chloroform, and
CClh_; insoluble in -CSE.



Fluorides

Todides

Oxides

Sulfides

Metal-Organics:

TeFu

TeF 6

Tel

TeIu

TeQ

Decomposes

Decomposes

Insoluble

8lightly soluble in cold-

water; decomposes in hot

Ingoluble

Insoluble

Insoluble

Decomposes
Insoluble

Slightly soluble 1n cold
water

Soluble

Insoluble in cold water;
slightly soluble in hot
water.

Insoluble

Decomposes in acids and
alkalls.

Soluble in HI, alkalis,

Soluble in HCl, dilute
aclds, Hesoh and -NaOH.

Soluble in HCl, TNO, and
alkalis; insoluble in NH,OH.-

Decomposes in conc. HC1;
soluble in hot KOH; insol-
uble in aclds and alcohol.
Soluble in HQSOA.

Soluble in alkaline sul-
fides; insoluble in acids.

Soluble in alcohol and ether.
Soluble in alcohol and ether.
Soluble in chloroform and

benzene

Insoluble



a) The Oxide , Oxyacid and Oxyhelide Compounds of Tellurium

is formed

The most stable oxlde of tellurium, tellurium dioxlde, Te02,

elther by the combustion of tellurium or by oxidizing tellurium with cold
concentrated nitric acid. The crystal structure of Te02 resembles that of

Sno, 1='b02 and MgFg. It 18 usually colorless and will turn yellow when

02
heated. It melts and vaporizes at an Incipient red heat end will solidify
from the melt in r_hombic needle_s. It is only sparingly soiuble in water
but will dissolve in concentrated strong acids and concentrated alkali
hydroxides. In its reaction with water, 1t forms tél;.urous acid, HETeO3.
Teiluroua .a.c:l.d cannot be obtained in the pure. st;,ate because it has a .
tendency to form high-molecular complexes as it lodes water. If the water
is driven off at high temperatures, 'I‘eO2 will be formed. The corresponding
salts of tellurous acld are the tellurites, which, in their simplest form,
M21T993, resemble sulfites and normaq. selenites. | Colorless, water-soluble

alkali tellurite salts are formed if Te®, is fused with alkall hydroxides,

2
or carbonates, or 1f it 1s put into solution with caustic alkalis:

HzTeO3 (1ike selenious acid, H28e03) can be oxidized with strong oxi-
dizing egents like chlorine or bromine to produce telluric acid, H6Te06.
The anhydrides of telluric acid correspond to the sulfuric acid anhydrides.

The water content of telluric acid differs from sulfuric acld and the

ord:l.ngry telluric acid, orthotelluric acid, hsds t_he formla EGTe06-4H20.
The saits of telluric ecld are the tellurates.

Telluric acid 1s a very weak acid, and its solubility in water is
quite high. As a rule, only a portion of the hydrogen atoms of telluric
acld can be replaced by metals to form tellurates; however, some metal
tellurates, guch as Ass'l‘eos and H53T306, in which all of the hydrogen
atoms are replacgd, are known. bther acld anhydride mole'cu_'Lea can be
linked to the oxygen atoms of tellur:lé acid to form heteropolyacids like
H6['1‘e(0-M003)6] and H6[Te(0-wo3)6].

Orthotelluric acid, as 1t is heated, loses weter and if the temperature

exceeds 300°, yellow tellurium trioxide, TeO,, Will be formed. TeO, is




partially soluble in water and when heated at red heat, it loses oxygen

and is transformed into 'I‘eO2 Allotelluric acid 1ls produced when ortho;

telluric acid is heated to its melting point in a sealed tube. It is formed

ag a colorless syrup mess that 1s miscible with water. Unlike orthotelluric

acld, 1lts water solutions are distinctly'acit__i in reaction. Upon standing,’

a Qolution or allotelluric ecid slowly reverts to orthotelluric acid.
Tellurium does not form oxyhalide compouhds as do sulfur and selenium.

b) Halogen Compounds of Tellurium

Tellurium forms bivalent and quadrivalent compounds wlth bromine and

chlorine. It forms both gquedrivalent and hexavalent compounds with fluorine
and e tetravelent compound with iodine. Monohallide compounds of tellurium:

do not exlst.

Tellurium dichloride, ']!eCl2 , can be prepared by a direct combination

of the elements or by the reaction between TeClh_ end elemental tellurlum.

Tellurium dibromide, TeBr2, 1s formed by heating 'I'eBru_. The tetrahalides,

'I‘eClh_, TeBrh, and TeIh_ are formed by e direct combination of the elements.

Tallurium tetrafluoride, Tth_, is prepared by heating tellurium hexafluorlde,

TeF6, at 180° in the presence of elemental tellurium. All of the tellurium
tetrahalides, except TeClh_, -are thermally unsteble. TeBrlI_ will dissociate

above 1its boiling point (414°) into TeBr, and Br,; Tel), when heated above

2
100° will decomposé into the élements ; Tth will disproportionate above
l90° to form elemental tellurium and TeF6. Al11 of the tellurium tetra-
helides react with water to form Te0, (or the correséond:l.ng acld) snd the
halide acid. .

Tellurium hexafluoride, TeF6 » produced.in the disproportionation. of

tellurium tetrafluoride, ‘I‘eFLI_, is an ective hexafluoride compound (more
active than the corresponding sulfur and selenlum hexafluorides). . At roam
temperature, it rapidly decomposes 1in water.

Tellurium tetrachloride, TeClh, tellurium tetrebromide, TeBrh, and

tellurium tetralodide, TeILL, can form complex halide acide wifh hydrogen

halide compounds. For tellurium, the complex acids H(TeClS), E(TeBrs) and

9



H(‘I‘eIB) are known. Hexsbromotellurates, hexachlorotellura.fes and hexaiodo-~
tellurates have been formed by the reaction 6f elkall hellde salts upon
these complex aclds. The solubllities of these salts resemble the solu-
billities of the tellurates.

¢) Hydrogen Compounds of Tellurium

Hydrogen telluride, H2Te, corresponds in composition to hydrogen sul- ..

fid.e and 1s best prepared eilther by decomposing metal tellurides,. like
AljTe,, with water or acids or by the electrolytié liberation of hydrogen
at a tellurium electrode at loﬁ temperatures. :

H2Te 18 & colorless gas that is 1e.ss steble than hydrogen qu_f.ide. It
decompoaes very easlly and can be reedily attacked by even weak oxldants.
At ordinary temperatures, it will react with atmospheric oxygen to deposit
elementel tellurium, end it will burn in air with a bluish fleme, forming
'1‘e02. Ez'l‘e is very soluble in wafer; the solutions are very unstable and
elemental tellurium i1s rapldly deposited on the wallé of the containing
vessel. The acid strength of hydrogen telluride is comparsble to the mcidity
of phoai:horic acld. |

The alkall metal tellurides are soluble in.water; the solutions are

colorless when pure, but when exposed to air, oxldetlon causes the solution
to turn red and poly‘tellurideé to form. The tellurides of the heavy metals
are dark in color; stme of them, like A12Te3, are reaﬂily decougposed in
water while others are decomposed only by acids.

d4) The Sulfur Compounds

Téllurium can combine with sulfur to form teilurium disulfide, TeSE.
Té82 1s a red-black amorphous powder that 1s insoluble in water and acilds
but very soluble in ammonium sulfide. The interaction of tellurium with
sulfur elso forms tellurium sulfur oxide, TeSO3 , an amorphous red-colored
80l1id which decomposes in water but is very soluble in HESOh_.

e) Alkyl Compounds of Tellurium

The distillation of neutral or acid alkali tellurides with potassium

elkyl sulfates produce alkyl tellurides, TeR, (where R = the alkyl group)

10



and alkyl telluromercaptans ,. TeRH. The alkyl tellurldes (like the amlkyl

selenides) are volatile liquids with pungent and repulsive odors. They
readily combine wilth, or add on, halogens or oxygen to form such compounds
as (02H5)2TeC12 or (02H5)2Te0. In addition, they can add on alkyl iodides

© to form sucﬁ compounds as alkyl telluronium, [(02H5)3Te] I. These compounds

are strong bases and, when heated 1n the presence of moist silver oxide, will

form hydroxide compounds.

B. The Analytical Chemistry of Tellurium

As it has alreedy been pointed out elsewhere in this monograph, the
use of a known emount of lnactive tellurium carrier in a separatlion method
almost elweys makes it practical to obtaln the tellurlum carrier in a
weilghable form in the final stage of the lseparation procedure used. If thia.
is done, the radlonuclide can be concentrated jnto a small mass for the
radloactivity measurements end any loss of the carrler during the analysis
can be accounted for.

Tellurium (like selenlum) can be qualitetively detected by reducing
1ts salts contalned in strong acid solutlons to elemental tellurium with
such reagents é.s sulfur dioxide and hydrazine hydrochloride ’(l;) hydrezine

hydra.chloride,(5'8) hydrazine,(g-ll) hypophosphite,(lz)

(1%)

potassium lodide
and sulfur aoxtde, (13) and vandyl sulfete. Many other reducing agents,
such as titanous chloride, eluminum, and phosphorus end hypophosphorus
acids, can be used to reduce tellurides (and selenides) to the metal in
an acid solution.(ls) For example, Challia(]_‘6) ha.s used hypophosphorus
acid to determine tellurium (a.nﬁ selenium) in copper. Eve.ns(J'T) has
used hypophosphate as a reductant in similar analyses.

In eddition to its graﬁ.metric determination as the metal, tellurium

can be precipitated as tellurium dioxide, TeO, (18,19)

(12,20)

5 With either pyridine

or hexamine. Meyer(g) and others(El’ 22) report that a precipitate
of lead tellurate will be formed by the action of lead nitrate on & solu-

tion of sodium tellurate. Bersin(23) has shown that a hexamminochromium(III)

11



tellurate precipitate can be produced by the action of an amine salt of

(22)

chromium upon en alkall splution of tellu.riuin. Duval, however, reports

that none of the methods used in drying these precipitible forms are good
for the gravimetric determination of tellurium. He points out that ele-
mental tellurium is much more rapldly oxidized than selenium and that it

mist be dried at low temperatures when in the reduced state. The venadyl

(14)

sulfate method is probably the best method for precipiteting elemeptal

tellurium. If TeO2 is to be the final form, Dwa.l(aa)

(12,20)

cons iders that its

precipltatlion by hexamine i1s to be preferred. The lead tellurete

(9,21,22)

method is also consldered as a ussble method. As far as the hexam-

minochromium(III) tellurate methoa(23) 1q concerned, Duval(zz) suggests
that this method be rejected, because at very low temperatures (50°-60°C)
ammonia is given off and st temperatures above 300°C, a.lmixture of C“J:'203
plus 'Zf.‘eO2 is formed. The choice of either the elemental tellurium or the.
lead tellurate or tellurium dioxide compounds +to  obtain .the tellurium
carrier and the tellurium radionuclide(s) in & form sultable for a radio-
activity measurement, after they have been isolated from e stable and/or
ra.dioactive nuclide mixture , would appear to he practical.

The above remarks on the gravimetric determination of tellurium should
not be regarded as a prerequlsite that 1t 1s alwé.ys necessary to radio-
chemically separate the desired tellurium radionuclide in a precipitible
form before the'radioactivity measurements. Sametimes 1t would be suffl-
cient to accept and use, for example, one of the phases obtalned in sblvent
extraction, or an aliguot from the eluate obtained from an ion-exchange
separation colum, or a portion of a paper chromatogram, in the radio-
activity meesurements. Thus, the Information that follows ge_nera.lly
reports on current ldeas used 1n isolating and determining nonrediocactive
tellurium. ' |

1. Separation by Precipitation

Tellurium 1s usually seperated from most elements by use of various

(2k)

reducing agents in acid solutions. Hillebrand, et sl., report that

12



tellurium (es well ac selenium) can be initially separated from most ele-
ments by reduction with sulfur dioxide in 3.7 to 4.8 N hydrochloric acid
solution. Gold, palledium and small amounte of antimony, bilsmuth, copper,
and other elements are also reduced under the same condltions and by
other reducing agente. Gold can be separated by filtration after the
mixed metal precipltate has been digested for some time in a dilute nitric
acid solution. Quadrivalent tellurium (and selenium) can be separated
from the other elements in the filtrate by saturating the acid solution

with hydrogen sulfide. (24)

The tellurium can then be separated from
selenium by precipitating the selenlum with sulfurous acid or hydroxyla-
mine h.yd.rochlorid.e.(ES)

(26)

In their studies, Seath and Beamish end Noekes(27) showed that

+2 3

nitretes, Cu'® and Au'> interfered in the reduction of tellurium to

elemental tellurium. The nitrates were removed by evaporation with HCL

and NaCl; Cu'® 3

and Au+ were separated with hydroquinone b_efore the
reduction.(za’ 29) Treadwell and Ha.ll(a) also report on the separation
of tellurium from the metels of Groups II, III, IV, and V.

Tellurium (and selenium) cen be absorbed on a ferric hydroxide pre-
cipitate.(3%) At least 0.1-0.2 gram of Fe'3 must be present and concen-
trated ammonium hydroxide added in excess to effect this separation of
telluriun from other elements. Schoeller'3') also hes used ammonium
hydroxide and ferric nitrate to separate tellurium (and selenium) from
ores and metals. The emmonlum hydroxide preclpitation eliminated inter-
ferences from copper and nitrates. Tellurlum and selenlum are separated
from iron by a reduction of an aclid solutlon with stan.ﬁous chloride. Tel-
lurium can be separated from selenium by brominating a hydrochloric acld
solution of the metals and precipitating- selenium with sulfur dicxide.
Plotnikcv(32) gives information that Te"'6 can 5e quantitatively carried
on Fe(OH)3 in & strong emmonia solution end that 1t can be effectively
separated from Se+6 in this manner since Se+6 1s not co-precipltated with

Fe(OH) 3 under these conditions.
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Keller(33) reports that tellurlum can be separated from selenium by
reducing e mixture of tellurous and selenious acids in strong hydrochloric
acld solution with sulfur diokxide gas. Only elemental selenium will pre-
clpitate under ﬁhese conditions. Bode(3h) reports that tellurium can be
separated from selenium by precipitating it as Te+6 from a 5 N HC1 solu-
tion with tetraphenylarsonium chloride. Bromide, iodide, fluoride and

nitrate ions and Mo+6 and W+6 will interfere. Lenher and Ka.o(h)

have used

a sulfur dio:dde satﬁra'l.:ed hydrochloric acid solution to separate selenium
from tellurium. After filtration, the tellurium was recovered from the £il-
trate as elemental tellurium following e hydrazine hyﬂ.rochlor;tde precipltation.

2. Separation by Volatility

Tellurium (and selenium) can be sepa.rﬁted. as Te_"')'l (and Se+)+) from
metals whose chlorides are nonvolatile by paasiné chlqrine ga8 into a hot
hydrochloric acid solution.(3%) Ienher ana smith(3%) report tnat tellurium
is not volatilized from & sulfuric acid solution when hydrochlorie acid
gas ia.passed. into the solution. A similaer reaction occurs if carbon

monoxide gas 1s passed into a hydrobromic-phosphoric acld solution.(37)

+h-a.nd Se+6 are volatlile and can be separated quantitatively from tel-

Se
lurium in either of these systems.

TeOCl, and TeOBr, (as well as 5e0C1, and SeOBre_) are volatile from

. 2 =
6 N HCl(?’B) or 6 N EBr(39_,+l) solutions at temperatures above 100°C.
Argenic, entimony, tin, and germsnlum are also volatile under these con-

ditions.

3. Separations by Electrolysis

Only a few applications of elecfroama.lysia techniques exist for the

determinetion of tellurium. ‘I‘e’+,+, but not Te+6,' is reduced to the metallic

(42,43)

state By electrolyzing acidlc solutions. Haissinsky(uh) has shown

that normal hydrochloric or hydrobromic aeld solutions can be used in

the electrolysis of 10”3 N solutions of Te®.

A smooth well-adhering
ina.cro-deposit of tellurium on the platinum cathode was obtalned in this

work. Mazumdar(hrj) recently used a similar eleétmlysj,s technique to
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+i

obtain a carrier-free tellurium-129m (34d) tracer. Te"  dions in concen-

trations 'ranging from lO-3 to lO'lJ' N were deposited upon a ro‘i:.e.ting cathode
of gold at a current density of 20 mA/sq_. cn. The Tel29m"tracer was removed

(46) have removed Te radio-

fram the gold with a HBr solution. ILee and Cook
activities from a fission product solution ‘by' electrodepositing them
upon a platinum cethode at a voltage of 0.15 volt. '

4, Separations by Solvent Extraction

Morrison and Freiser(w) have recently rew_riewed the applications of
solvent extractlon involving ion assoclation and chela‘bé complex systems
to the determination of most of the elements. Some of these systems are
applicable for use as separation processes in the radiochemistry of the
tellurium ra.dionuciidea.

a) Ion Association Systems
(48)

L

Bock and Hermann have shown that only 23% of tellurium as Te''

can be extracted from a 20 M HF solution by ethyl ether. Nb+5,' ‘1‘a.+5,'
and Re™® extract about 50%; Se™', so*2, snt’, Ae3, as??, ge*t, B0, v3,
V+5, Mo+6 and Sb+3 are extracted 1n lesser amounts. The extraction of
Te+l‘L (as well as the other lons) can be increased if higher concentra-

tions of HF are used. Tellurium, as Te+6, and Se+6

As.+3

, Fet3, a3, sb*” ana

can be extracted by diisopropyl ‘ketone from a mineral acld-hydrofluoric

acid (6 M HC1-0.4 M HF) equeous system. ") me™ se™* su*3 ana as*’
are only partially extracted under these conditions. Inh this same study,

+6 +i4

it wes shown that Te (end Se and Ta+5) could be extracted by d.‘l,iso-

propylketone from a 6 M H2304-0.1L M EF system.

Noyes, et al., %) report thet at least 3uh Te*

from a 6 M HC1 solution with ethyl ether. 'I‘e+h' will not extrect appre-

can be extracted

ciably into ethyl ether from a metel bromide solution (0.1 to 6 M H:Br).(Bl)

a3, a3, w*3, m*3, w0, ', sttt

ot aot3

and Fe*3 extract quantitatively.

P S'b+3 and Mo+6 pertially extract under these conditions; C‘u+2;,

2

Se ', As

+2 +2 b +2

: 1
cd, Co , V , N and Zn+ do not. Te'H ie only partielly extracted

(5.5%) from an iodide complex (6.9 M HI) into ethyl ether.(52) Sb+3,
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He*2, ca*?, au*3, and sn*? are completely extracted in this system; Bi,

Zn, Mo+6 and In are extracted in varied amounts.

Scadden and Ballou(”3) have shown that less then 5% Te* (and se*™),
either 'a.a carrler-free radioisptopés or as mmqmtitiea of stable element,
will extract into 0.06 M or 0.6 M di-n-butyl phosphoric acid (DBPA) from
alM HN03 solution. An organic to aqueous volume ratio of 1:1 was used
in this work. Yttrium, tin, molybdenum, nlobium, tentalum, zirconium
and indium extract in concentrations varylng from 5 to 95% or greater in
the same system.

b) Chelate Compl'ex. Systems'

Te+)+ precipitated from a 5 N acidic solution or from solutions at pH

3.3 or pH 8.5-8.7 with a 2% sodium dlethyldithiocarbamate solution will
extract into elther ch.loroform; benzene, or carbon tetrachloride.(Bk-”)

Bode(?259) nag found that e 5% EDTA solution added to the system will

+4 3l

inhibit the extraction of Se’ . Te  elso forms a brown complex with

thiosalicylideneethylenediiémine that is chloroform-extractable.(Go)

complex (like the Ni, In, Sn+2, Ccd, Pb, Au+3, pte v

This

, pt™Y, o, T1, B1, Cu,

Ag, Hg and pat? complexes) is very steble in HCl. The 70 complex is

unstable while those of Al*S, Fet?, Fetd, Mn*? 3

(61)

and Ga+ are unreactive.

Felciola reports that tellurium xanthate in a thicurea system
can be quantitatively extracted into ether.

5. Separations by Ion Exchange

Kraus and Nelson(sa) report that Te+ll' is strongly adsorbed on Dowex-1

;eai.n from hydrochloric acid. Hicks, et a.l.,(63) in their investigation of
the adsorption of elements from hydrochlorle acid solutions upon Dowex-2
anion exchange resin have shown that Te+h' and Te+6 are strongly adsorbed
upon the resin but can be removed by eluting with 1-3 M HCl. Attebury,:

(64) and Aoki(s5 ) Lha.ve also reported that tellurium and selenium

et al.,
can be adsorbed upon an anlon resin column from 3 M HCl end separated from
each other by using a mixture of 1 M BC1 and 1 M NHh_CNS as an elutriant.

Sch:l_ndewoJ_f(GG) also reports that tellurium end selenium can be adsorbed
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upon Dowex-1l resin in strong HCl and separated from selenium by eluting

the selenium from the columm with 3 N HC1.
Smith and Reynolds ,(67) ‘using redioactive tracers, have shown that

‘I'e+h (snd Sn and Sb) in e 0.1 M oxalic acid solution are not adsorbed by

Dowex-50 resin. In the same study, '1‘e+l"

was only slightly adsorbed on
Dowex-1 resin end could be separated from Sn (end Sb) when & 0.1 M oxalic
acld solution was passed through the column.. Following Ithe elution of Sn,
entimony wes removed from the column with 1 M H,S80,. Stronski and Rybakow(68)
also have recently reported on the separation of radioactive itracers of

tellurium, entimony end tin by use of Soviet-produced anion exchengers.

Wiah(sg) has quantitatively separated radiosctive Wllﬁim from a
mixture of fisslion products and uranium by use of Dowex-2 resin and phos-
phoric acld solutions. Tellurium is not adsorbed, and uranium can be gquen-
titatively eluted from the column w:lth .HCl-HF solution after a conversion of
the resin to the chloride form.

‘6. Separations by Paper Chromatography

Ievl and Danon(7°’71) have used paper chromatography to separate mix-
tures of 3121°, m2° po. Se, and Te and Se, Te, Po, RaD and ReE in nitric
acld solutione. A butanol-propanol mixture was.used as the solvent,and a
good separation of each element was obtalned. Crouthamel and Ga.trousis(72)
alsp report on a similar separatlon of Se , Te, Po and Bi by paper chroma-
tography. Specific separations of tellurium (a.s_Te+)+) from selenium (as Se+’+)
in HCl, HNO, end HBr have been studied by Burstsll, et a1.,(™) Legerer, (T4
and Wea.therley.(75') Mixtures of butanol-methanol, butenol-weter and butanol-
HC1 were used as solvents. .

Pluchet and I.ederer(76) have investlgated the adsorption paper chroma-
tograrhy behavior of inorganic anions in acetate buffers and have shown that
tellurium, either as Teo:_}"2 or Teoll__2 is retained by the paper and moves
3'2, vo3' and 303’
behave in & simllar manner. Kertes and Beck(T{) have studled the chrometo-

slover than the liquid front. WO, , Cr0,™2, Moo, ™2, seo

graphic behavior of metallic nitrates in organic solvents usually used in
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radiochemical process extractions. TeO, end 57 other lons were run in sol-

3
vent mixtures of ether and various concentrations of nitric acid.: Most of
the ions moved slower than the liquid front. The results obtained in ‘this

gtudy were compared with another study made by Kertes(78)

using di-isopropyl
ether-nitric acld-water. A methyl 1sobutylketone-nltric a.cid-lithi_mﬁ nitrate-
water system has elso been studied by Kertes end Ben-Bassa.t.(79) Paper
'chromatographic conditlons for the purification of carrier-free tellurium
radioactive tracers from Zr9 5 and macro quantities of lnactive copper as

well as the separation of Te+)+ end Te+6

ions has been evaluated by Ghosh-
Mazumder and Lederer.(&)) Buta.nol—HCl, butanol-HBr, acetone-water-HCl, and
methanol-water were used as the solvent systems.

Gressinl and Lederer(sl)

have used paper chromatogra.phy'and an elec-
tromigration technigue to study inorganic ions in 0.1 N NaOH. Tellurite
(and selenite) ions moved, while tellurate ions did not, under the condi-
tions of sepgra.tion. At least 25 differenf inorganic lons have been investi-

gated 1n this study. ILederer and Kertes(ea)
2

have shown that tellurium, as

and Lat3

telluryl ions, can be separeted from mt by edsorbing these lons
on a paper chromatograﬁl impregnated with Dowex-50 resin. The separations

were effected by eluting with HESOII_ solutions.

V. DISSOLUTION OF SAMPLES CONTAINING TELLURTUM
_ When a tellurium-beering semple is to be dissolved, it i1s nécessary
to u.c.;e techniques that will minimize the lose of tellurium by volatiliza-~ |
tion. (83)- Tellurium will volatilize from boiling concentra.t_‘ed hydrochloric
acid, but it will not be lost f‘rom elther dilute or strong acids heated
below 100°C. The presence of alkall salts in a boilling proéesa does mnot
prevent the volatilization of tellurium.

Tellurium-contalning mi_nerals .ca.n be put into solution by fusing the
mineral with sodium peroxide or e mixture of sodlum cerbonate. and niter in .
a nickel crucible.(aa) Fusions with 'potassium or KCN are not recommended

because volatilization of the telluride can occur. Ores containing tellur-
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ide can.be decomposed by heating at dull redness 1n a current of chlorine
and trapping the volatile tellurium chlorides in 1:1 hydrochloric ecid.
Biological materials, such as plent and animal tissués, body fluids, and
petrochemicals, can most often be brought into solution by a wet-oxidation
method using sulfuric, perchloric and nitric acid mixtures.(ay)

Any one of these dissolution techniques can be adapted for use in the
radliochemistry of the tellurium radionuclides. The addition of tellurium
carrier to the mixture before dissolution begins wlll assist in achiteving

an exchange of the raedioactivé and inactive tellurium atoms.

V. SAFETY PRACTICES _

No matter what method 1s used to decom;pdse a sample, edequate safety
precautions should be followed. The toxicology of mo.st elemental com-
pou.ﬁds has been reported by Pleters Créyghtonsas) and this manual should be
consu]_.ted for information in handling tellurlum-containing materials safely.

Saefety practices in h_and.ling radicactive sample materiels is always
important 1n radilochemistry. The discharge of re.d:l.oactivity by exploslon
or évolution into a laboratory area ca.n‘ be hazardous and can result in
wilde-spread contamination. Thus, some source of information on safe-handling
practices in proéessing radioaptive samples should be consulfed. before a
radiochemical enslysis is undertaken. Safe-handling practices, such as
those wh_ich appear in the Oak Ridge National Iaﬁoratory's Master Analytical

(86)_a.nd. the International Atomjc Energy Agency's publicatlon, (87)

Manual
should be followed 1n processing any ra.d_'l.oa.étive material. Many other

similar sources of information exist and should alsb be consulted.

VI. COUNTING TECHNIQUES FOR THE TELLURIUM RADIONUCLIDES

'I‘hé a.ne.lysié of sample materiale containing tellurium ra.d.'l.oﬁuc]id.es
may be completéd eilther by & direct (nondestructive) measurement of the
radioactivity of the particular radionuclide or by obtaining the radio-
nuclide in some form by radiochemica.lly processing the radioective sample.

The use of either technique is dependent upon the tellurlum radlonuclide
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being measured; such characteristics as the radionuclide's half-life,
the type of radiations 1t emits as 1t decays, and the energy of the
radiations must be considered in selecting the radloectivity measurement
technique to be followed.

Table I of this monogreph shows the nuclear characteristics of each
of the known radiocactive isotopes of tellurium. The radicactivity of any
of these tellurdum radionuclides can be analyzed and measured by standard

Geiger-Mueller, gamma scintilletion and proportional counting techniq_ues.(aa'gl)

VII. COLLECTION OF DETATLED RADIOCHEMICAI. PROCEDURES FOR THE TELLURTUM
RADIONUCLIDES

Both carrler-free and carrier radiochemical a.nalysia.procedums exist

for the tellurium radionuclides. Such procedures as these have evolved
from each investiéator'a choice of ideas and techniques similar to those
reporﬁed in Section III of this monogreph. Typicel of the carrler-free
techniques oﬁ@.nated ‘to prepare ra.dioactive telluriun tracers from fission
prod.uc;'ts, are those reéorted 'bjr Garrison and Hamllton, (92) Gléndenin,(93) :

(9t) (80)

end Jacobson end Overstreet. Applications of paper chromatography

(45,46) in the preparatlon of radiocactive tellurium

and of electrolysis
tra.éers have also been reported._ Although no otheﬁ: specific carrier-free
sepgrations for the tellurium radionuclides .appea.r in the current litera-
ture, it should be ﬁossible to usé any of the volatility, .s.olvent extraction
or chrcma.’cogra.phy methods reported elsewhere in this monograph to serve
as a means of obtalnlng carrier-free ra.x;ioa.ctive tellurlum.

The carrief radiochemical procedures that now éxist for the tel],u:-iﬁm
rad:lonuclides have originated from investigations concerned.with elther
the preparation of radioactlve tracers ,(95) or the separation of radio-
active tellurium isotopes from filssion product mixtures(gé'ge) or radio-

100)

activation analysia. (99 With regard to radiocactivation analysis,

this unique analytical method has been applied to the determination of

trace stable tellurium in meteorites ;(66’101) selenium;(lO2)

indium, gallium, and their com;pounds;(lol) animal tissue;

arsenic,

(101) (101)

and alloys.
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In the radiochemlcal brocedures that follow, special informstion,
regarding the procedure's use, the type of nuclear bombardment, the type
of material anal&zed, separation time, etec., appears as part of each
procedure. Whenever possible, an evaluation of each procedure is made
with regard to 1ts use 1n the decontamination of other radioactive species

from the redioactive tellurium isotopes.

PROCEDURE 1
Procedure Used in: Carrier-free separation of tellurium radioactivity
from flssion products

Method: Precipitation (on aelenium carrier) followed by removal of
selenium by distillation.

Type of Materlal Analyzed: Fission products solutions
Procedure by: Glendenin(93)

Chemicel Yield: 50% (of selenium carrier édded)
Separation Time: 1 hour

Degree of Purification: .102

Equipment Required: Standard

PROCEDURE

1. To an aliquot of the fission product solutlon add conc. HBr -and -
evaporate solutlion to dryness.

2. Take up residue in 3 M HCl and add Se carrier. Saturate solution with
' SO, to precipitate elemental selenium (carries Te radioactivity).

Dissolve selenium metal in cone. HNO3. Evaporate solution to dryness.
4. Repeat Step 2.

5. Dissolve selenium metel in conc. HNO3 and add conc. HBr to solution.
Evaporate by heating to remove_remaining.selenium as SeBry,.

6. Concentrate solution to small volume, then transfer to suitable mount
for radloactivity measurement.

T. Measure radloactivity by G-M counting.
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PROCEDURE 2

Procedure Used in: Preparation of carrier-free radioactlive tellurium
tracers : . .

Method : Cus-Rusg;Fe(OH)3 precipitations
Element Separated: Radioactive tellurium tracer

Type of Material Analyzed: Fission product solutions

Procedure by: Jacobson and Overstreet(gu)

Chemical Yleld of Carrier: No Te carrier added
Separation Time: Not indiceted
Degree of Purification: Not indicated

Equlpment Required: Standard

PROCEDURE

1. Add conc. HC1 to solution and eveporate. Take up in 3 M HC1 and add
Cu carrier and HpoS to precipitate CuS, carrying Te. Dissolve 1n conc.
HNO5, dilute to 3 M HNO3 with water, add Ce holdback carrier. Add
.enough HF to make solution 5 M in HF and to precipitate CeF3. Cen~
trifuge; discard precipiltate.

2. To the supernatant liquid, add Ba, Sr, Zr, Nb, and Ru carriers. Saturate
sclutlon with HoS to preéclpitate Ru3s, carrylng Te. Dlssolve RuSp
precipitate in conc. HNO3. Add 70% HC1Oy and evaporate to volatilize
off RuOQ). .

3. Add Fe carrier to the cooled solution and NH)OH dropwise until pre-
cipitation of Fe(OH)3 is complete. Fe(OH)3 will carry Te. Dissolve
hydroxide precipltate in 9 M HCl, transfer solution to a separatory
funnel and add en equal volume of isopropyl ether to the funmel.
Extract Fet3 into organic phase by shaking. Separate the phases;
discard the organic phase. .

}y, Evaporate aqueous phase to near dryness; then transfer solutlon to
counting mount for final evaporation. Count Te beta radicactivity.
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PROCEDURE 3
Procedure Used in: Preparation of carrier-free Tem (115 4) and Te'l29
: (33.5d) tracers

Method: Electrolysis

Element Separated: Carrier-free Teio! (115 d) and Tel2? (33.5 d) tracers.
Some contamination with Tel32 (T{ h) apparent

Type of Material Analyzed: Fisslon preduct solutions
Procedure by: Chosh Mazundar(*?)

Chemicel Yield of Carrier: No tellurium carrier added
Separation Time: Several hours

Degree of purification: Not determined

Equipment Required: Standard

FROCEDURE

1. Evaporate an aliquot of the fiseion product solution to dryness.
A%d 70% HC10), and distil solution (Note 1). Take up residue in
3 EN03

2. Electrolyze the solution at a current deneity of 20 maA/ cm for 2
hours (Note 2).

3. Wash the Pt cathode and remove 1t from the apparatus. Evaporate the
solution to dryness in a tared beaker. Then add a few milliliters
of concentrated HBr to the besker. Concentrate to small volume.
Cool beaker and its contents, then welgh (Note 3). :

L. Ad;]u.st acid content to 1 N HBr with water. Place gold cathode (Note
4) 4n beaker and then electrolyze the solution at a current density
of 0.05 mA/cm? for approximately 2-3 hours.

5. After electrolysls, remove electrodeposited tellurium by dissolving
it in a small amount of HBr. Alilquot thie solution for evaporation
prior to mounting for ra.diqa.ctivity measurements.

6. Count redioactivity with a Geiger-Muller counter.

Notes: ' : »
1. TUsed to remove radloactive ruthenium.

2. Pt cathode ebsorbs copper, salts, ete., from solution. Should
be cleaned every 15 minutes with 1:1 HN03.

3. Welghed to obta +%n qua.nt‘tty of constant boiling HBr in beaker.
HBr reduces Te™ to Tet

4. 90% of tellurium tracer deposited on gold cathode.
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PROCEDURE h

Procedure Used 1n: Prepar;tion of radioactive trecer

. Methoé: Precipitation

Element Separated: Tellurium carrier and tellurium radioectivity
Tyfe Meterial Analyzed: Iodine-131 solution (~1c'>8 counts/minute)
Type of Analysis: Milking experiment

Procedure by: Marquez (Reported by Meinke(9%))

Separation Tme: 3-4 hours

Chemical Yield of Carrier: ~80%

Decontaminetion: L extractions glve a sample with ~300 c/m of Te
: and ~100 ¢/m I :

Equipment Needed: Centrifuge tubes

PROCEDURE

1. Add to the I” soln., 10 mg Te cerrier as NepTeOy, acidify with HpSO)
until brown color is obtained then add NO, to oxidize to 12.

2. Extract the 12 wilth equal volume CClh.
3. Add several times more I and extract the I, with CCl,.
4. Ppt Te by bubbling in SO, gas.

2
Repeat the cycle by dissol%ing Te in conc..HN03,_adding I_, ete.

6. Centrifuge the Te ppt and filter.

7. Piate end count as Te.
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PROCEDURE 5

Procedure Used in: Preparation of radioactive tracer

Method: Precipitetion

Element Separated: Tellurium carrier and tellurium radicactivity

Type Material Bombarded: Bismuth metal

Type of Nuclear Bomberdment: 184" cyclotron (388 Mev alphas; 348 Mev

pratons; 194 Mev deuterons)

Procedure by: Goeckermann (Reported by Meinke(95))

Seperation Time: ~1 hour

Chemical Yield of Carrier: ~&60%

Decontamination: >10)+ from fission and spallation products

Eq_uipinent Needed: Standard

PROCEDURE

1.

To aliquot of HNO3-soln of target add 10 mg Te and Se and concentrated
HBr, boll nearly to dryness a few times. Take up residue in 10 ml
concentrated HCl, add Se, precipitate Se® with 802 in an ice bath.

Dilute to 3 N HC1, heat, and precipitate Te® with 302, centrifuge
with aerosol. We.sh with HCl.

Dissolve Te® in a few drops HNO3, evaporate excess acid' d:l.'lute to
10 ml, add 6 ¥ RaOH dropwise until HpTeO3 preclpitate forms and then
redissolves, 10 dropes excess. Scavenge with 1-2 mg Fe(OH)3

Make supernatant 3 N in HC1l and precipitate -Te .

Repeat Se°, Te®, and Fe(OH)3 precipitations several times.

Filter last Teo precipitate, wash three times with S ml H,0, three

times with 5 ml CzﬁgOH, three times with 5 ml other, dry 10 min. at
110°C. Weigh as Te
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PROCEDURE 6 -

Procedure Used in: Preperation of ra.dioé.ctive trat;er

" Method: Precipltation

Element Separated: Tellurium carrier and tellurlum radiocactivity
Type Materiel Bomberded: Antimony " '
Type of Nuclear Bombardment: 184" cyclotron deuterons and alphaq
Procedure by: Iindner (Reported by Meinke(9”))

Separation Time: ~l1 hour .

Chemicel Yield of Carrier: 90%

Decoﬁftamiﬁa.tion: At least a factor of 100

Equipment Needed: Standard

PROCEDURE .

1. To the target add 15 drops 27 N HF in lusteroid tube in hot water
bath. Add conc. HNO3 dropwise untll dissolved (10 min). Dilute to
~20 ml.

2. Add 20 og each Te, Sn, In, Cd, Ag, Pd, Ru, Mo, Y carriers as soluble
. salts. Add 2 drops conc. HCl. Centrifuge.

3. Divide supn. into two equal parts.

4. Evaporate one part to near-dryness. Cool, add 20.ml 3 N HC1. Saturate
with 80p gas 10 minutes. Te ppts. .

5. Wash the ppt with water and dissolve in ome drop conc. HNO3.

6. Add 15 ml 3 N HC1l, 1 mg each, Sb, Sn, In, cd holdback. Saturate with
S0, ges.

7. Repeat steps 5 and 6.

8. Wesh the ppt and weigh as Te.



PROCEDURE 7

Procedure Used 1n: Preparation of radiocactive tracer

Method: Precipitation

Element Separated: Tellurium carrler and teJ.Luriuﬁ redloactivity

Type Materlel Bombarded: Thorium

Type of Nuclear Bombard.inent: 60" cyclotron alphas

Procedure by: Newton (Reported by Meinké(gs))

Separation Time: ~1 hour

Chemical Yield of Carrier: 80%

Decontaminé.tion: ~10° o . : .e

Eq_uipneﬁt Needed: Standard

PROCEDURE
1. To semple add 10 mg Te and dilute to 3 _1!' HCl. Heat and ppt Te° with S05.
2. Dissolve Te in 6 K HNO3. Add 10 ml conc. HCl. Evap. to rid of HNO3.
Repeat evaporation. Dilute to 3 N BC1 and ppt Te egain with 502.
3. Diesolve Te in 6 N Em03. Evaporate end dilute to 10 ml. Add G'E
NE,0H dropwise until HoTeO3 ppt dissolves. Then add 10 drops excess.
Scavenge twice with 5 mg Fettt+. Make 3 N in HCl and ppt Te with
S0o. Repeat Te pptn (Step 2). .

4, Filter final Te ppt. Wagh three times with 5 ml HyO, three times with
5 ml EtOH and three times with 5 ml Et30. Dry et 0° and weigh as Te.

PROCEDURE 8

Procedure Uéed in: Determination of Tellurium ectivity in fisslon
Method: Precipitation

Flement Separated: Tellurium carrier and Te-132 (77 h)

Type of Material Analyzed: Irradiated uramyl nitrate

Procedure by: Nove_y, T. B.(96)
Chemical Yield of Carrier: 80 to 90%

Separation Time: 1.5-2.0 hours

27



: PROCEDURE 8 (Continued)

Degree of Burification: Contaminated with Se-81 (59m) and Rh-105 (36.5 h)

Equipment Required: Standard

PROCEDURE

1.

Transfer the irradiated urenyl nitrate to a beaker and then add 10
to 50 mg of tellurium carrier and several milliliters of conc. HCl.
Bveporate to near dryness to remove N03". Repeat HCl addition and
eveparation at least three times, :

Dissolve residue in beaker with 3 N HCl. Heat and saturate solution
with S0, to precipitate tellurium metal. Transfer mixture to centri-
fuge tube (Note 1); centrifuge and discard supernatant liquid.

Dissolve precipitate in several milliliters of 6 M HC1 plus a few
drops of 6 K HNO3. Remove excess NOg by fuming with seversl por-
tions of HCI.

Dissolve residue 1in 3 N HC1 a.nd repeat 302 saturation to precipitate
tellurium metal.

Collect tellurium on a small filter-paper disc in a Hirsch funnel.
Wash well with water and alcohol. Dry by suction, then transfer to
drying oven at 100°C. Dry for 10 minutes. Weigh.

Mount and count. Use Geiger-Muller counter for radiocactivity measure-
ments. (Note 2) .

Notes:

1. Add Aerosol to solution before centrifugation in order to collect
tellurium metal scum from walls of centrifuge tube.

2. Radiocactivity measurements usua.lly made 24 hours after separation
in order to allow 2.4 h I-132 daughter md;loactivity to reach
equilibrium.

PROCEDUREQ

Procedure Used in: Determination of tellurium radioactivity in fission

Method: Precipitation:

Element Separated: Tellurium carrier and Te radiosctivity

Type of Material Analyzed: Irradiated uranyl nitrate

Procedure by: Blendenin, L. E.(97)

_ Chemicel Yield of Carrier: 60%
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PROCEDURE 9 (Continued)

Separation Time:. 1 hour.
Degree of Purification: 10)'L

Equipment Required: Standard
PROCEDURE

1. To the sample of irradisted uranyl nitrate in a 125-ml Erlenmeyer.
flask add 3 ml of tellurium carrier and 10 ml of conc. HBr. Evaporate
to near dryness by swirling over a burner. Repeat the evaporation .
twice with 5 ml of conc. HBr (Note 1).

2. Take up the residue from the HBr treatment in 20 ml of 3 M HCl and
"~ transfer to a 50-ml centrifuge tube. Heat the solutiom nEarly to
boiling, paes in 302 untll the black precipitate of tellurium is well
t(:oa.gula.i)‘.ed. (1L to 2 minutes). Centrifuge, and wash with 10 ml of Hy0
Eote 2

3. Dissolve the tellurium by heating with 5 to 10 drops of H¥O3, evaporate
nearly to drymess, add 2 to 3 drops of 6 M HC1l, and dilute 10 ml
(Fote 3). Heat nearly to boiling, neutralize with 6 M NH,OH , and
add more reagent drop by drop until the precipitate of HoTeO3 redis-
solves; then add 10 drops in excese. Add 1 to 2 mg of Fet3 carrier
drop by drop with etirring, digest the precipitate of Fe(CH)3 for a
few seconds, centrifuge, and discard (Note L4).

4., Add an equal quantity of 6 M HCLl to the supernstent solution, heat
nearly to bolling, and precipitate tellurium with 805. Diesolve the
tellurium in 5 to 10 dropes of 6 M HNO3, evaporate nearly to dryness,
and reprecipitate with 80, in 10 ml o;; hot 3 M HC1. Filter with
suction on a tared filter-paper disc (Note 5) in a small Bursch
fumnel, and wash three times with 5 ml of H20 and three times with
5 ml of ethanol. Dry at 110°C for 10 minutes, weigh as elementary
tellurium. Mount for counting. )

5. Count on Gelger-Muller counter.

Notes:
1. Evaporation with HBr removge lﬂ rferes with the S0p
reduction, reduces any Te present to Tet* and removes any
selenium present by voletiliza.tion of SeBr),.

2. A few drops of 0.1 percent Aerosol prevent scum formation and
ald in centrifugation.

3. A vhite precipitate of HpTeO3 may be formed by hydrolyeis at this
point but dissolves readily upon heating.

k. Beavenging with Fe(OH)3 removes general contamination, including
" rhodium.

5. The filter-paper dlsc is washed with ethanol and i1s dried under
the conditions of the procedure before the welghing. -
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PROCEDURE 10

Procedure Used in: Separation of radioactive tellurium isotopes from
other fission products

Method: Precipitation

Element Separated: Tellurlum carrier and ‘tellurium radioisotopes;
includes Te-127m (100 4), Te-127 (9.3 h), Te-129m
(33 4), and Te-132 (77 b)

Type of Material Analyzed: Aqueous and organic figsion product solutions
Type of Nuclear Bombardment: Uranium fission

Procedure by: Druschel, R. E.(98) |

Chemical Yield of Carrier: >70%

Sepafatioﬁ Time: 1-1.5 hours

Degree of Purification: Negligible contamination from other fission
products

Equipment Required: Standard leboratory equlpment

PROCEDURE

1. Pipet an appropriate volume, no larger than 10 ml, of the sample into
8 125-ml Erlemmeyer flask, add 2 ml of tellurium cerrier and 10 ml of
- conc. HBr solution. Evaporate the solutlon to near dryness by swirl-
ing it over a burner. (KNote 1) Repeat the evaporation twlce using
5 ml of conc. HBr solutlon each t:Lme

2. Dlssolve the residue from the HBr treatment in 20 ml of 3 M HC1 and
transfer the solution to a 50-ml glass centrifuge tube. Heat the
solution to neer boiling, pass in SO, untll the black precipitate of
the tellurium (Note 2) that is formeﬁ is well coagnlated, centrifuge
the mixture, discard the supernatant liquid, and wash the precipitate
with 10 ml of water (Hote 3).

3. Dissolve the Te precipitate by heating it with 5 to 10 drops of 6 M
HNO3. Evaporate the solution to near dryness, add 2 to 3 drops of
6 MHC1, and dilute it to 10 ml (Note 4). Heat to near bolling, and
add 6 M NH)0H solution dropwlse untll the precipltate of HpTeO -
‘redissolves, and then add 10 drops in excess. Add 1 to 2 mg ferric
nitrate holdback carrier dropwlise with stirring. Digest the precipi-
tate of Fe(OH), for a few seconds, centrifuge, and discard the pre-
cipitate (Note™5).

4. Add an equal quantity of 6 M HCl to the supernmatant liquid, heat the
solution to near boiling, and precipitate the Te with 8305. Pissolve
the Te in 5 to 10 drops of 6 M I:INO3, evaporate the solution to near
dryness, add 10 ml of hot, 3 M HCl, and reprecipitate the Te with
80o. Filter with suction th:rough e tared filter disk cut from What-
man No. 40 filter paper that is placed in a small Hirsch fumnel, wash
the precipitate with three 5-ml volumes of water and three 5-ml vol-
umes of ethanol. Dry the precipitate at 110°C for 10 minutes, weigh
it as elemental Te, and mount it for counting (Notes 6, 7).
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Notes:

PROCEDURE 10 (Continued)

Evaporation_ with. HBr removes selenlum gs selenium tetrebromide
and nitrates which interfere in the reductlon of tellura‘bes to
tellurite.

If rhenium is present, it will form rhenium . telluride "R'e_a‘d._‘lly
removed in ferric hyd.roxide scavenging steps. )

Thé addition of a few drops of 0. 1‘% Aerosol aolution prevents
scum formation and aids in centrifugstion. -

At this point, & white precipltate of EgTeO3 may be formed by
hydrolysls but dissolves, readily upon heating. The presence of B
a 1little HCL a.ccelerates the dissolution of the Te.

An exceaaive loss of Te by coprecipita.‘bion with Fe(OH) is pre-
vented by the favorablé ratio of Te(IV) to Fe carrler’ ?20 :1) and
by the addition of ferric nitrate holdback ca.rrier ‘after the solu-
tion has been made alksline.

‘™oung" material requires special conditione for the counting of

T7-h Te. Samples from material that is more then three-weeks old
contain only the longer-lived Te actlivitles and cen be counted in
the usual manner.

Beta radioa.ctivity of the mounted precipita.tion counted on a
Geiger-Muller counter. .

PROCEDURE 11

Procedure Used in: Separation of Te-132 (77 h). from uranium

Method: Anion exchange resln column

_Element Separated: Te-132 (77 h)

Type Materlal Analyzed: Uranium solutions

Procedure by: Wish(sg)

Separation Time: 1-2 hours

Degree of Purification: Complete decontamlnation from uranium

Equipment Required: Standard

PROCEDURE _

1. Prepare resln column by packing Dowex 2 resin into & column 0.2 cm I.D.
by 15 cm long.
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. PROCEDURE 11 (Contirued)

2. Condition column with 0.1 N phosphoric acid.

3. An a.]iquot of ‘the sample was ad..juated to 1.0 N H3POL and loaded on to
the columm. o

4}, Elution of the mixture from the column was made with 25 ml of 0.1 N
H3POY et a flow rete of 1 ml per 4 minutes.

5. FEluate conteaining Te-132 collected in suiteble container (Note 1),
then aliquots taken for radioactivity measurement.

Note:

1. Te-132 does not absorb on column. Uranium removed from column
by treating column with HC1l and eluting with 8 ml of O 1 N HC1-
0.06 N HF solution.

PROCEDURE 12

Procedure Used in: Separation of tellurium radiocectivity from fission

products .

Method: Electrodeposition

Element Separeted: Tellurium carrier and rad:l.oa.ctiv_e tellurium tracer

Type of Material Analyzed: Fisslon products solutions

Procedure by: Iee and "Cbok(

46)

Chemical Yield of Carrier: 70%

Separation Time: Not indicated

Degree of Purification: Adequate deconta.m:l.na.tion from other fission

products

Equipmeht Required: standard

FROCEDURE

1.

Add Te and Ag carriers to fission product solution and sufficient HC1

to make solution 2-3 Mev HCl. Seturate solution with 1123, collect
sulfide precipitate by filtration. Discard filtrate. )

Dissolve mixed sulfide precipitate in aqua regla, add come. H,SO) and

.evaporate. - Cool solution, then add Ru carrier and HC10). Evaporate

to near dryness to remove RuO).
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- PROCEDURE 12 (Continued)
3. solutiﬁn, add a few milli]iters of conc. HC1l and boll %o reduce
to Tet Transfer solution to electrolysis beaker.
%. Make solution ammonicel with NHLOH, then deposit Ag on Pt cathode by
electrolyzing solution at a voltage of between 0.05 and 0.25 V. Remove
cathode from solution and replace with a new Pt cathode. : :

5. Add conc. HC1l and NH2OH to solution; then deposit Te at Pt cathode by
electrolyzing solutlon at a voltage of between 0.27 and 0.15 V.

6._ Remove Pt cathode from electrolysis beaker, wash and dry. Mount for
ra.dioactivity measurements.

T. Count tellurium radloactivity by means of G-M counter.

PROCEDURE 13

Procedure Used in: Radloactivation analysis
Method: TFusion, p:ecipif.ation, and ion exchange column separation

Element Separated: Tellurium carrier and radiocactive Te-127 (9.4 n) and
Te-132 (77 h). (See Note 1)

Type of Materlal Anmalyzed: Stoney méteorit'es(66)

Type of Nuclear Bombardment: n,y and uranium fission reactlon products
(see Note 1)

Procedure by: Schindewolf(és)
Chemical Yield of Carrier: Quantitative
Separation Time: Several hours

Degree of Purification: Decontamination of >10I1L for Ag, Ce,' Co, Cs, Hg,
Ir, ¥b, Ru, Sb, Sc, Ta, Zn and Zr

Equipment Required: Neutron source end standard laboratory equipment

PROCEDURE

1. Powdered meteorite samples weighing 0.050 to 0.20 gram were irradiated
in the Argonne National Laboratory CP-5 reactor.

2. After irradiation, 0.020 gram each of tellurium and selenium wes added
to the irradiated sample and the mixture fused in & nickel cruci‘ble
with 1-2 grems of NayOp.

3. After cooling, the cake was dissolved in 6 N HC1 and the mixture
boiled. Tellurium and selenium reduced to elemental form with 80,
&es.
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PROCED'URE 13. (Continued)

4. Precipitate dissolved in aque~regla and the solution made basic with
NH,OH. Impurity scavenge made with Fe(OH) 3

5. - Solutlon acidified with HCl end the tellurium and selenium adsorbed on
- a Dowex-1 {100-200 mesh) resin column. Selenium was separated from
tellurium by eluting it from the column with 3 to 5 column volumes

of 3 N HC1. '

6. The tellurium is then eluted from the column with 0.2-0.5 N ECl and
the solution treated with SOo. The precipitate of elemental ‘tellurium
was collected by flltration; weighed and mounted for the radioactivity

' measurement. ;

T. The beta radioactivity of the 9.4 h Te-127 was measured by meens. of
a beta counter.

8. Comparator semples were lrradiated and procesesed in a similar manner
to obtaln the tellurium concentration of the meteorite.

Note:

1. 77 hr-Te'® resulted from fission of uranium, & constituent of the
sample material. '

PROCEDURE 14

Procedure Used in: Radioactivation analysis
Method: Precipitetion

Element Separated: Tellurium cerrier and radicactive Te isotopes

Type of Msterial Analyzed: Metals and all ?ys,(loj') enimal tissue;(10%)
meteorites( 1
Type of Nuclear Bombardment: ﬁ(n,y)Tei‘;g 127 d half-life

124 (0, 7)Te5, 10k d half-life
126(11,7)Te12..r 58 d half-life
126(n’7)Te129m 115 4 half-life
130(:1,7)%:131“1 33.5 4 half-life

(n,7)TE 30 h half-life

Procedure by: Ieddicotte G w. and Mullins, W. T. (Reported by
Leddicotte(

Chemical Yield of Carrier: >70% .

Separation Time: - 1.5-2.0 hours

Degree of Purification: Studles with radicactive tracers of Ag-110,
Cd-115, Ae-76, Zn-65, In-1lk, Sn-125, and Sb- 12h

show that decontamination is better than 103
for each
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- PROCEDURE 14 (Continued)
Equipment Req_uired: Neutron source end standerd laboratory equipment

PROCEDURE

‘A. Irradiation of Samples

1. Irradiete known amounts of test (Note 1) and comparator (0.025 to
0.030 g of tellﬁium metal) samples (Note 2) in & neutron flux of
at least 5 x 10! n/cm?/sec for 1 week (Note 3). Irradiate the
samples in either small quartz tubes, polyethylene bottles, or
aluminum foll. S ' S

B. Freparation of Irradlated Samples for Analysis
1. The Comparator Sample

a. After the irradistion, quantitatively transfer the comparator sample
(Note 2) to a 50-ml volumetric flask, then dissolve it in a smell
measured volume of conc. E‘N03; then dilute the solution to 50 ml
with water. S - '

Mix well, using safe-handling practices for radioactive materials.

b. Pipet a 1.00 ml aliquot of this solution into & 50-ml centrifuge
tube and then add by means of a volumetric pipet to the same tube
3.0 ml of a standard carrier solution of known tellurium concen-
tration. (Note 4). Continue with Part C below.

2. The Test Sample(s)

a. If the sample 1s a metal or alloy, quantlitatively transfer the
1rradiated test portion from the quartz tube or aluminum wrap
to a’ 50-ml centrifuge tube, and then add, by means of a volu-
metric pipet, to the game centrifuge tube 2.00 ml of a standard
carrier solution of known tellurium concentration (Note %). To
this mixture, add dropwise, enough concentrated mineral acid to
completely dissolve the sample. If necessary, heat the mixture
to effect solution. Continue with Part C below.

b. If the sample is a bioclogical material (tissue ash, etc.), quanti-
tatively transfer the total amount of solld from 1ts irradletion
container to a 50-ml centrifuge tube. (Note 5) Then edd, by
means of e volumetric pipet, to the same centrifuge tube 2.00 ml
of a standard carrier solution of known tellurium concentration
(Note 4). To this mixture, add 3 ml of HpO, 1 ml of 6 M HC1 and
15 ml of HRO3-HC1O) mixture (2 parts conc. HNO3 to 1 part T0%
HC104). Digest the mixture at a moderate temperature (60°C) for
at least 1-2 hours (Note 6). Cool, then continue with Part C :
below. L

C. BRadiochemical Separation of Tellurium

1. To any of the solutions obtained sbove, add 1 ml each of holdback
carriers of selenium, silver, cadmium, arsenic, zinec, Indium, tin,
and antimony (Notes 7 and B)_. :

2. Heat this solution to near boiling; then add 3 ml‘of 6% HyS503 and 1
drop of 1% Aerosol solution. Stir the mixture to coagulate pre-
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PROCEDURE 14 (Continued)

clpitate. Centrifuge ; dlscard the supermatant liquid. Wash the pre-
cipitate once with a 10 ml volume of water. Centrifuge and discard
the wash liquid. ’ ’ :

Dissolve the Te® precipitate in 6 N HNO3. Transfer the solution to &
125-m1 distillation flesk and add 10 ml conc. HCl, 10 ml 48% HBr and
2 ml of selenium holdback carrier. Heat to boiling and distil to

~5 ml volume. Cool flask, then add 5 ml conc. HC1 and 5 m! 48% HBr,
heat and distil to ~2 ml. Discard the distillate.

Transfer the solution from the distillation flask to a centrifuge tube.
Add cone. NH4OH dropwlse until a white precipitete forms and then
dissolves. Add 1-2 ml of NH)OH in excess and 1 ml of Fe holdback
carrier centrifuge; then add .1 ml more of Fe holdback carrler, awlrl
and centrifuge. .
Filter the supernetant liquid through Whetman %1 H filter paper into
a clean 50 ml centrifuge tube. Neutralize the solutioh with HCL;
adJust the acidity to 3 N HCI.

Heat the solution to near bolling end then add 2-3 ml of 6% HpSOg
and 1 drop 1% Aerosol. Stir to coagulate precipitate. Centrifuge;
discard the supernatent liquid. Wash the precipitate with two 10-ml
volumes of Hy0. :

F:!_.ltef thi-ough'Munktell (# 00) filter peper. Wash with H20, alcohol
and ether. Welgh, mount and count.

D. Measurement of the Radloactivity from the Tellurium
" Radiolsotopes and Calculation of Inactive Tellurium
Content of the Original Sample :

The radioectivity from all of the longer-lived tellurium radioisotopes
(Te-121m, Te-123m, Te-125m, Te-12Tm, Te-129m, and Te-131m) mist be
consldered in this analysis. All of them decay with gamma radiation
and the meesurements can be made by means of elther a gamme scintille-
tion counter or a gemma scintillation spectrometer. In the use of the
latter instrument, the major gemms radlations are meesured.

Followling the radioactivity measurements, the observed radiocactivity
is corrected for loss of "carrier" during the experiment, half-life
of the tellurium radioisotope measured (if gemms spectrometry 1s used)
and the weights of the test and comparstor samples. A comparison of
these corrected radioactivities becomes a measure of the stable tel-
lurium content of the test sample:

Percent Stable Te 1n Test Sample =

Corrected Te Radloactivity in Test Semple

Corrected Te Radioasctivity in Comparator Semple x 100.

Notes:

1. At least 0.10 gram ﬁor‘bions of solid samples (metals, alloys,
tissues, etc.) should be used.

2. Compasrator sample may be either tellurium metal or a sclution of
‘e tellurium compound. If a solutlon is used, it should contain
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PROCEDURE 1% (Continued)

at least 40 micrograms of tellurium per eliquot used; an aliquot
of the irradiated solutlion can be plpetted directly to the 50-ml
centrifuge tube.
3. ".I'.'he Oak Ridge National Iaboratory Graphite Reactor was used for
rrgd:l.a.tiona The sensltivity of the method is such that
1 x 107° gram of tellurium can be determined. The sensitivity
can be enhanced by, use of higher neutron fluxes.

4. As tellurium metal in HNO HCl mixture; Tet* concentration equals
10 mi11igrams per m:l.lJJ.li

5. A 100-ml beaker may be aubatituted here for the centrifuge tube.

6. Sample should be dissolved in this tim Additional EDO3 my
have to be added during the sample digestlon.

7. Holdback carriers should be made up to contain 5 milligrems per
milliliter of desired elemental species.

" 8. Solutioms of ions of other elements may also be added as holdback
carriers.

m 15
Procedure Used in: Radioa.ctiva._tion analysis
Method: Precipitation
Element Separated: .Tellurium carrier and radiocactive tellurium isotopes
Type of Material Analyzed: Selenium(102)
Type of Nuclear Bombardment: n,y reaction products
Pr;-acedun by: Zvyagintsev and Bhamev(m)
Chemical Yield of Carrier: 30 to 50%
Separation Time: Not indicated
Degree of Purification: Not indicated

Equipment Required: Standard

PROCEDUHE

(102)

Authors indicate that Te has been separated and isolated from '

radionuclides of Cu, Ga, As, S5b and Cd. " Publlcation should be consulted.
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